Abstract: This article describes the results of our analysis of the data from the CiteSeer digital library. First, we examined the data from the point of view of source top-level Internet domains from which the data were collected. Second, we measured country shares in publications indexed by CiteSeer and compared them to those based on mainstream bibliographic data from the Web of Science and Scopus. And third, we concentrated on analyzing publications and their citations aggregated by countries. This way, we generated rankings of the most influential countries in computer science using several non-recursive as well as recursive methods such as citation counts or PageRank. We conclude that even if East Asian countries are underrepresented in CiteSeer, its data may well be used along with other conventional bibliographic databases for comparing the computer science research productivity and performance of countries.
Introduction
CiteSeer (CiteSeer) is a vast free Web digital library and search engine of mainly computer science papers that have been automatically acquired from various Web sites, stored, and analyzed to allow for searching and exploring its bibliographic data. Despite its free on-line as well as off-line availability and well structured data, it has been relatively rarely used in bibliometric studies particularly due to fears of incomplete and erroneous machine-generated data. We refer to the work by Fiala (2011) where a detailed overview of CiteSeer's features in the context of other established bibliographic databases is given.
The purpose of this study is to show: a) where CiteSeer has got its data (i.e. which Web domains it has visited to obtain them), b) which countries have contributed most to its digital library (in terms of the number of papers published by authors from these countries), and c) which countries have the most influence (in terms of citedness of "their" publications).
We have thoroughly analyzed the CiteSeer data file from December 13, 2005 and have made a quick look at the newer data provided by CiteSeer X (CiteSeer X ) which replaced CiteSeer in April 2010 but is still a beta version at the time of writing this article (May 2011).
Related work
There have been a number of studies of research productivity (publications) and impact (citations) at the level of countries in recent years. There is a growing need for such scientometric indicators because they often reflect the quality of science policy in a specific country and may have influence on changes in science funding. From the many research papers discussing this topic, let us mention just one of the most recent by Albarrán et al. (2010) , which compares the United States to the European Union in a detailed way in various fields of science.
While quite a lot of research efforts have been devoted to bibliometrics of chemistry, biology, or humanities, relatively few scientometric studies have been concerned with the field of computer science. Bakri & Willett (2011) measure the performance of computer science research in Malaysia and Gupta et al. (2011) analyze the research output of Indian computer science. Wainer et al. (2009) compared the Brazilian computer science production to twelve other countries. Ma et el. (2008) did not limit their analysis to a particular country but evaluated the computer science research performance of universities around the globe and Guan & Ma (2004) evaluated China and five other countries. Different sources of bibliographic data for the scientometric evaluation of computer science publications were examined by Bar-Ilan (2010) and by Franceschet (2010) . The latter author also presents an overview of literature comparing citation data from various data sources for a specific scientific field. Furthermore, Franceschet (2010b) investigated the influence of computer science journal and conference papers on the scientific community.
Unlike our paper, most of the articles above have mainly exploited the well-known and manually-maintained bibliographic database Web of Science (Web of Science) or its variants. As far as CiteSeer as a data source is concerned, some researchers have already used it for bibliometric purposes: Zhou et al. (2007) explored CiteSeer documents to discover temporal communities of collaborating authors in the domains of databases and machine learning. On the other hand, Hopcroft et al. (2004) tracked evolving communities in the whole CiteSeer paper citation graph. An et al. (2004) conducted a component analysis of the CiteSeer paper citation graph in several research domains and CiteSeer X data were used by Wu et al. (2010) in order to enhance collaborative networks with topic information. Zhao & Strottman (2007) and Zhao & Logan (2002) analyzed co-citations in CiteSeer documents in the XML research field and a similar study for computer graphics was reported by Chen (2000) . Bar-Ilan (2006) used CiteSeer data for a citation analysis of the works of a famous mathematician. A kind of citation analysis for acknowledgements was also performed by Giles & Councill (2004) . Feitelson & Yovel (2004) examined citation ranking lists obtained from CiteSeer and predicted future rankings of authors.
Our study is the first of its kind that attempts to measure the productivity and impact of computer science research conducted by countries by analyzing CiteSeer data.
Data
The Scopus cover all scientific fields. Which publication sources are indexed and which are not is decided by the editorial boards of both "human-made" databases. Another big difference between CiteSeer and CiteSeer X on one side and WoS and Scopus on the other is that the first two are free whereas the latter two are subscription-based. We were then able to query the database and obtain the information presented in the following sections. The software also had capabilities to compute more complex values such as HITS and PageRank.
Methods

Data collection
Internet domains and countries
Gathering statistics about Internet top-level domains (TLD) is quite smooth and accurate given that the "source" property for each document is almost always present and error free.
The situation gets considerably worse when we try to assemble similar statistical data for the distribution of countries whose authors produced the publications collected by CiteSeer. As far as CiteSeer X is concerned, unfortunately, it does not provide any information on the addresses or affiliations of the authors of its publications -not only for "new" publications, but also for "old" publications for which this information is present in CiteSeer. Therefore, we could not use CiteSeer X data for our experiments with countries. Let us hope that future versions of CiteSeer X (the current one is still a beta) will have such information included.
Missing data and name unification
In CiteSeer, there is a problem with missing data. For almost each document, there are authors assigned to it but only for some of the authors there is also an address affiliated with him/her.
Strictly said, from the total of 1.66 million authors (without any name unification or disambiguation), we had no address information at our disposal for about 690 thousand or 42% of them, let alone the accuracy of such information.
Thus, to obtain the data shown later in Figure 2 , we proceeded in the following way:
We discarded publications without any address information for any of its authors. This resulted in only 439 thousand being kept. (For these publications, one author at least had some address information included.) Then, we tried to unify country names used in the addresses.
This task consisted in obtaining a list of countries and territories owning a top-level Internet domain. After some cleansing, 243 countries or territories were left. Next, we attempted to unify country names by replacing common synonymic variants of each of those 243 countries with one standard name.
For instance, in the case of the United States of America, we had to count in names like "United States", "U.S.A.", "U.S.A", "U.S.", "USA", or "US". Since U.S. postal addresses often do not contain any mention of "USA" or its variants and only display the name or abbreviation of a federal state such as "California" or "CA", we also needed to take this into account and counted such occurrences as "USA". Martinique from France. Finally, we processed international postal country codes in the addresses as well, thus yielding Czech Republic for an address "CZ-30416" with respect to the prefix "CZ-" as an example.
Comparison with the Web of Science and Scopus
Since the CiteSeer data we examined were from December 2005, we restricted our analysis to a 10-year period from 1996 to 2005. This decade is the most probable one, in which CiteSeer was collecting its documents. Moreover, Scopus itself does not generally capture citations to documents published before 1996, which is also a good reason for 1996 as a decade's start with regard to possible future comparisons of citations. In September 2010, we were querying on-line Web services of both WoS and Scopus and generated the rankings in Tables 3 and 4 .
As for WoS, we opted to limit our search to the "Science Citation Index Expanded" database, to the "article" document type, and to the publications from the journals included in the seven computer science subject categories of the Journal Citation Reports® Science Edition 2009.
In this way, we arrived at the total of 148 838 publications, which is 100% for the relative shares in Table 3 . As far as Scopus is concerned, querying was easier in that the subject area (computer science) could be specified directly in the query and the exact results number was always disclosed. The final 325 614 "article" documents form 100% for the relative shares in Table 4 . Due to the search limits of both WoS and Scopus, it was sometimes necessary to split up "big" queries into subqueries and to combine their results.
Alternatively, WoS as well as Scopus provide programming interfaces that enable submitting queries and obtaining results without needing to interact with their Web frontends. However, the basic APIs included in the subscription do have queries and results restrictions that are similar to those on their Web sites.
Citations and recursive indicators
In addition to measuring shares of individual countries in the publications indexed by CiteSeer, we wished to determine the influence of countries by examining citations they receive. Thus, we derived a citation graph of countries from the citation graph of publications.
In the directed publication citation graph, there were 717 thousand nodes (publications) and 1.76 million edges (citations between publications). This accounts for roughly 2.45 citations per paper so, obviously, many citations (or references) are missing in CiteSeer. Let us recall that addresses of publications' authors were normalized by the approach described earlier. We aggregated citations by the country of the source and target publication. If there were more countries associated with a publication, a couple of citations came into being. We removed self-citations of countries as well.
Besides first-order methods such as in-degree and citations, there are recursive techniques as well that not only count citations but take also into account whether the citing node itself is frequently cited. Some of these methods are HITS introduced by Kleinberg (1999) , PageRank defined by Brin and Page (1998) , or weighted PageRank (e.g., Fiala et al., 2008 ). We applied these methods to the normalized country citation graph from CiteSeer and present the country rankings obtained in Table 6 .
Results and discussion
Internet domains
One of the properties of each document item indexed by CiteSeer is its source. This is the URL (a Web page) from which the document has originally been downloaded. We were This is a preprint of the IP&M submission. 
Countries
After unifying country names in the available addresses as described in Section 4.3, we tried to assign all 439 thousand publications to one or more country depending on how many authors from which countries they had. About 25 thousand publications could not be assigned to any country, i.e. it was impossible to make use of the information in their address field to identify a standard country by the above approach. Thus, only 414 thousand documents (58% of 717 thousand) were finally assigned to one or more country. We counted the assignments to countries and found out country shares that are demonstrated relatively as well as absolutely in Figure 2 and in Table 2 . Note, however, that the relative shares in Figure 2 differ from those presented in Table 2 .
The relative shares in Figure 2 sum up to 100% constituted by a total of 449 thousand publication-country assignments, which is not equal to 414 thousand publications due to international co-authorships. (Albarrán et al. (2010) call the publication-country assignments "extended articles".) Even though the number of such assignments is only less than 10% greater than that of publications, it does not necessarily imply a relatively low number of international publications in CiteSeer. We may rather assume that addresses in international papers are more difficult to be processed by a machine (CiteSeer) and, therefore, they are often missing or erroneous and do not appear in our cleansed data.
In Figure 2 , the top twenty most represented countries take almost 93% of "extended articles". The first country is the United States with a four-fold greater share (42.59%) than the second most "prolific" country -Germany (10.65%). At the third position, there is a tie between France and the United Kingdom (both 5.35%). As a remarkable point, two developing countries have entered the Top 20 -India and Brazil with shares of 0.67% and 0.64%, respectively. The number (or share) of publications not assigned to any country is not visible in Figure 2 .
Fig. 2 Shares of countries to which publications are assigned in CiteSeer
The relative shares in Table 2 are smaller than those in Figure 2 because the base (100%) is much larger -717 thousand, which is the original number of CiteSeer documents. These relative shares are important for they help us compare CiteSeer publication shares with those from the Web of Science and Scopus where the number of all documents can be determined, but the number of publication-country assignments is unknown. The absolute numbers in Table 2 are the numbers of publications assigned to a country and they were input in Figure 2 .
If, hypothetically, each CiteSeer article was assigned to exactly one country, the sum of counts in Table 2 would be approximately 717 thousand and the total share 100% (the rest after rank 100 is negligible). If each document was assigned to two or more countries (i.e. all papers are internationally co-authored), the sum of counts would be more than 717 thousand and the total share more than 100 %. A further discussion of the results in Table 2 will follow in the next section along with a comparison to the Web of Science and Scopus. 
Comparison with the Web of Science and Scopus
To get a clue how reliable CiteSeer data are and to see how distant or close to other wellknown bibliographic data sources they are, it was necessary to perform a couple of comparisons and measurements. Based on the amount of available information on publication shares of countries from the previous section, we decided to compare these country shares to those obtained from the Web of Science and Scopus -two established manually maintained bibliographic databases. The goal was to create rankings of countries by the number of "their" publications in the field of computer science and to compare them to the CiteSeer ranking in Table 2 . Table 4 Top 30 computer science countries by Scopus in 1996 Scopus in -2005 In addition to article counts, we also found out numbers of citations to the articles, average citations per article, and h-indices as defined by Hirsch (2005) for individual countries. In both Table 3 and Table 4 , countries are ordered descendingly by the number of publications and the countries from the top 20 CiteSeer countries (see Table 2 ) are marked with their (Table 2 ) is relevant and quite competitive compared to the rankings from both WoS and Scopus. As there is no simple way of obtaining the total count of citations to all computer science publications published from 1996 to 2005 from the Web sites of WoS and Scopus, which would be necessary to determine the relative citation shares in Tables 3 and 4, we do not present a comparison plot similar to 
Citations and recursive indicators
Finally, the resulting directed graph of citations between countries had 243 nodes (countries) and 2 472 edges (citations between them). There were no parallel edges in the graph. Instead, a weight was assigned to each edge denoting from how many parallel edges the edge was created. The sum of weights in the whole graph was about 1.5 million.
In Table 5 , we can see the top 80 countries ordered descendingly by their in-degree in the country citation graph. In the first case ("In-degree") the edge weights are all set to one, in the second case ("Citations") they are left as they are. Both rankings place USA, Germany, and the United Kingdom at the top with approximately 48%, 8%, and 6% of all citations, respectively. The rank four in In-degree is tied by Canada and France with the same number of citing countries (74) but, in total, France is cited more often by foreign countries and is positioned ahead of Canada in Citations. A similar behaviour may be observed with several other countries. The country rankings in Table 6 were obtained by applying recursive
techniques, but despite their much higher computational costs they do not seem to provide any striking new information, though. We found the five rankings in Tables 5 and 6 to be very highly positively correlated with each other with Spearman's ρ between 0.97 and 1 (all significant at the 0.01 level two-tailed).
Table 5
Top 80 countries by in-degree and citations in CiteSeer  CiteSeer rankings of countries by publications and citations are very similar to those generated by the Web of Science or Scopus with a notable difference that CiteSeer apparently underestimates the potential of mainland China, South Korea, and Taiwan.
 Recursive techniques such as PageRank do not provide much new information on the influence of countries compared to simple citation counts. More or less, they confirm that popularity and prestige are close terms in the rankings of countries.
The study presented in this paper is the first of its kind that seeks to determine the most influential countries in computer science by analyzing the free CiteSeer digital library data. It complements the paper by Fiala (2011) , which is concerned with individual authors in (six) are explored by Guan & Ma (2004) for the period of 1993 -2002. Both studies, in accordance with our results, document a clear superiority of the USA over the rest of the world in computer science research. Unfortunately, there seems to be no previous complex computer science study for countries with which we could compare our findings.
Although CiteSeer data are far from complete and precise (in our experience, some 10% of the existing information might be erroneous), we may conclude that CiteSeer is a free digital library of valuable data and may be successfully used in bibliometric studies, possibly along with other well-known bibliographic databases, as we have shown in this paper. Let us underline in this place that the results we present depend solely on the content and quality of CiteSeer data. If other regions of the Web had been crawled, if Asian paper repositories had been preferred by authors (see Section 5.1), or if the information extraction from papers done by CiteSeer had been more precise and complete, the outcomes of our analysis could have been different. Let us hope in this respect that CiteSeer X will acquire data in a more standardized and transparent way and that it will enrich its metadata with the information on addresses and affiliations as well. Our future work on CiteSeer will concentrate on the citation analysis of institutions and on other reliability measures of CiteSeer data as well as on exploring further differences between the data in CiteSeer and CiteSeer X .
